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BYTECODE INSTRUCTION PROCESSOR WITH 
SWITCH INSTRUCTION HANDLING LOGIC 

FIELD OF THE INVENTION 

[0001] The invention is generally related to integrated 
circuit device design and architecture, and in particular, to 
the processing of sWitch instructions on a bytecode instruc 
tion processor. 

BACKGROUND OF THE INVENTION 

[0002] Platform-independent programming languages, 
such as the “Java” programming language from Sun Micro 
systems, Inc. offer signi?cant advantages over traditional, 
platform-speci?c languages. A platform-independent pro 
gramming language typically utiliZes platform-independent 
program code (machine-readable instructions) suitable for 
execution on multiple hardWare platforms Without regard for 
the particular instruction set for the hardWare platforms. A 
hardWare platform typically includes a computer system 
having one or more processors (e.g., microprocessors or 
microcontrollers) Which execute a particular set of instruc 
tions having a speci?c format, sometimes referred to as a 
native instruction set. This is in contrast to platform-speci?c 
languages, Which utiliZe platform-speci?c compilers to gen 
erate program code that is native to one particular hardWare 
platform. While the same source code may in some instances 
be compiled by different platform-speci?c compilers into 
suitable program code for multiple platforms, the resulting 
program code is not platform-independent. 

[0003] In many environments, platform-independent pro 
gram codes are in an intermediate code format, since further 
processing is required to execute such codes on a speci?c 
hardWare platform. For Java, for example, the intermediate 
codes are referred to as bytecodes. Typically, a compiler is 
used to generate a series of intermediate codes from a source 
?le. The intermediate codes are then executed by a softWare 
interpreter (knoWn as a Java Virtual Machine (JVM)) that 
converts them into native instructions for the computer 
system on the ?y. Consequently, the intermediate codes are 
executable on any computer system having a suitable plat 
form-independent program code interpreter. 

[0004] Many platform-independent program codes are 
typically relatively compact, Which makes them readily 
suited for doWnloading over a netWork or modem. More 
over, since the program code is platform-independent, the 
doWnloading computer system (or server) can doWnload the 
same program code irrespective of the particular hardWare 
platform of the executing computer system (or client). 
Consequently, platform-independent program codes such as 
Java have begun to enjoy immense popularity for the 
distribution of softWare programs over the Internet. Typi 
cally, platform-independent softWare programs doWnloaded 
from the Internet are in the form of applets Which execute 
Within a Web broWser. It should be understood, hoWever, that 
platform-independent program codes have many other uses, 
including in stand-alone applications, operating systems, 
and real-time embedded systems, among others. 

[0005] One problem With platform-independent program 
code, hoWever, is that the program code often must be 
interpreted during run time, Which signi?cantly reduces 
execution speed compared to program code native to a 
particular hardWare platform. Some JVM’s , for example, 
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may require up to 50 processor clock cycles to process each 
bytecode, compared to typically one clock cycle for most 
native instructions. 

[0006] As an alternative to run time interpretation, soft 
Ware-based just-in-time (JIT) compilers have been devel 
oped to optimiZe interpretation of platform-independent 
program code, typically by emulating the functionality of 
the platform-independent code using native code. While 
execution speed is increased over simple runtime interpre 
tation, the platform-independent program code is still sloWer 
than native code, and additional memory space is required to 
store the compiler code. 

[0007] At the other extreme, dedicated stand-alone Java 
processors have been proposed to utiliZe platform-indepen 
dent instructions as their native instruction set. While these 
processors have the capability of running platform-indepen 
dent program code as fast as other native program codes for 
other hardWare platforms, the processors suffer from the 
same problems as any other processor When executing 
non-native program code. 

[0008] It has also been proposed to combine a native 
instruction processor With a Java coprocessor or a hardWare 
translation circuit to accelerate the processing of Java byte 
codes. In the former instance, a Java coprocessor Will 
typically be under the control of a native processor, and Will 
be called upon Whenever Java program code needs to be 
executed. In the latter instance, a translation circuit Will 
attempt to capture Java bytecodes and translate the byte 
codes into native instructions so that, When Java program 
code is requested by a native processor, the instructions 
returned to the native processor in response to the request 
Will be in a format native to the processor. 

[0009] In either instance, often only a subset of the Java 
bytecodes are supported by the coprocessor or hardWare 
translation circuit, typically due to the complexities and 
additional circuitry that Would otherWise be required to 
support all of the Java bytecode instruction set. Java is a 
stack-based language, Which is often dif?cult to ef?ciently 
implement in hardWare. Moreover, some of the more com 
plex instructions Would require an inordinate amount of 
custom circuitry to be implemented in hardWare considering 
their relatively infrequent occurrence in typical Java com 
puter programs. For each instruction, a tradeoff inherently 
exists betWeen the additional cost of implementing the 
instruction in hardWare and the additional gain in perfor 
mance that Would be achieved. 

[0010] For instructions that are not directly implemented 
in hardWare, typically a JVM executing on the native 
processor handles those instructions, often With a signi?cant 
performance penalty. To handle a non-implemented instruc 
tion in a coprocessor arrangement, for example, control must 
be passed from the coprocessor to the native processor, the 
instruction must be interpreted by the JVM executing on the 
native processor, and control must be returned to the Java 
processor. 

[0011] Consequently, a signi?cant need exists in the art for 
a manner of implementing as many Java bytecode instruc 
tions in hardWare as possible, thus minimiZing the frequency 
of instructions requiring JVM interpretation. 

[0012] One particular type of instruction that is dif?cult to 
implement in hardWare is a sWitch instruction. Java, for 
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example, supports tWo types of switch instructions, a look 
upsWitch instruction and a tablesWitch instruction, each of 
Which operates in a similar manner of a “case” statement 
supported by many programming languages. 

[0013] For example, a lookupsWitch instruction typically 
includes a number of match-offset pairs that de?ne a plu 
rality of tests that are applied to a key value that has been 
pushed onto the stack prior to the instruction. Each match 
offset pair includes a match value that the key value is 
compared to, and an associated offset value that is used to 
calculate a target address that is jumped to Whenever a match 
occurs With the associated match value. To execute this 
instruction the J VM pops the key off the stack and compares 
it to each match value. If the key is equal to one of the match 
values, the JVM calculates a target address by adding the 
offset associated With the matching match value to the 
address of the lookupsWitch bytecode. The JVM jumps to 
the target address and continues execution there. If none of 
the match values are equal to the key, the JVM jumps to a 
default target address that is also speci?ed by the look 
upsWitch instruction. 

[0014] A tablesWitch instruction is similar to a look 
upsWitch instruction, except that rather than specifying 
match-offset pairs, a range of match values is speci?ed by 
loW and high values de?ned by the instruction. A list of 
offset values, equal to the number of match values de?ned 
in the range, is also speci?ed by the instruction. To execute 
this instruction the JVM pops the key off the operand stack 
and compares it to the loW and high values, and uses an 
offset value corresponding to the matching value in the 
speci?ed range to calculate the target address that is jumped 
to by the JVM. If the key is less than the loW value and 
greater than the high value, a default offset, also speci?ed by 
the instruction, is used to calculate the target address. 

[0015] Both types of Java sWitch instructions are dif?cult 
to implement in hardWare, as both are variable in length, and 
both require a substantial amount of processing to perform 
the sequential tests that are needed to fully implement the 
instructions. Thus, often these types of instructions are 
executed by passing control to a softWare JVM, thereby 
increasing the processing overhead of such instructions and 
decreasing system performance. 

[0016] Therefore, a substantial need exists in the art for a 
manner of improving the performance of a data processing 
system in executing sWitch instructions such as Java look 
upsWitch and tablesWitch bytecode instructions. 

SUMMARY OF THE INVENTION 

[0017] The invention addresses these and other problems 
associated With the prior art by providing a circuit arrange 
ment and method that facilitate the execution of sWitch 
instructions such as Java lookupsWitch and tablesWitch 
instructions in hardWare through emulation of such instruc 
tions using a plurality of conditional branch instructions 
from the same instruction set as the sWitch instructions, and 
Which are capable of being directly implemented in hard 
Ware. The conditional branch instructions are typically gen 
erated by sWitch instruction handling logic (Which may be 
implemented Within the instruction fetch logic) and passed 
to execution logic capable of natively executing the condi 
tional branch instructions. 
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[0018] By emulating a complex sWitch instruction in 
sWitch instruction handling logic using a plurality of con 
ditional branch instructions from the same instruction set, 
often the amount of custom circuitry needed to fully support 
a complex sWitch instruction is substantially reduced from 
What Would be required to natively support the sWitch 
instruction in the execution logic of a hardWare processor. 
Moreover, compared to softWare emulation, Which typically 
requires passing control to a softWare interpreter, the over 
head associated With emulating a sWitch instruction in the 
instruction fetch logic using multiple conditional branch 
instructions capable of being natively executed by execution 
logic offers substantial gains in performance. 

[0019] In one embodiment consistent With the invention, 
for example, Java lookupsWitch and tablesWitch instructions 
are emulated by generating a plurality of Java ifeq bytecode 
instructions in instruction fetch logic for execution by 
execution logic that natively supports ifeq bytecode instruc 
tions. Moreover, to simplify stack management, one or more 
dup bytecode instructions are also generated to duplicate the 
key value for a lookupsWitch or tablesWitch instruction on 
the stack so that the key value is available for each ifeq 
bytecode instruction. An unconditional branch instruction, 
e.g., a goto_W bytecode instruction, may also be generated 
to emulate the default branch of a lookupsWitch or 
tablesWitch instruction. 

[0020] These and other advantages and features, Which 
characteriZe the invention, are set forth in the claims 
annexed hereto and forming a further part hereof. HoWever, 
for a better understanding of the invention, and of the 
advantages and objectives attained through its use, reference 
should be made to the DraWings, and to the accompanying 
descriptive matter, in Which there is described exemplary 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a block diagram of a data processing 
system implementing hardWare-based sWitch instruction 
emulation consistent With the invention. 

[0022] FIG. 2 is a block diagram of a Java processor from 
the data processing system of FIG. 1. 

[0023] FIG. 3 is a block diagram of the principal instruc 
tion fetch and dispatch circuitry in the Java processor of 
FIG. 2, including sWitch builder logic used in hardWare 
based sWitch instruction emulation consistent With the 
invention. 

[0024] FIG. 4 is a state diagram illustrating the program 
How of the sWitch builder logic of FIG. 3. 

[0025] FIG. 5 is a block diagram illustrating the emulation 
of an exemplary lookupsWitch instruction by the sWitch 
builder of FIG. 3. 

[0026] FIG. 6 is a block diagram illustrating the emulation 
of an exemplary tablesWitch instruction by the sWitch 
builder of FIG. 3. 

[0027] FIG. 7 is a block diagram of an alternate data 
processing system to that of FIG. 1, and suitable for 
implementing hardWare-based sWitch instruction emulation 
consistent With the invention. 

DETAILED DESCRIPTION 

[0028] The illustrated embodiments of the invention 
accelerate the processing of complex sWitch instructions in 
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a bytecode instruction processor such as a J ava-compatible 
processor or coprocessor through the emulation of such 
sWitch instructions using multiple conditional branch 
instructions. 

[0029] The embodiments discussed hereinafter focus on 
the emulation of Java tablesWitch and lookupsWitch byte 
code instructions in hardWare, using conditional branch 
instructions such as ifeq bytecode instructions from the Java 
instruction set, coupled With additional support instructions 
such as Java dup instructions and goto_W instructions, as 
Will become more apparent beloW. Moreover, the embodi 
ments discussed hereinafter utiliZe execution logic that is 
customiZed to handle the emulated tablesWitch and look 
upsWitch instructions, albeit With substantially less custom 
circuitry than Would otherWise be required to directly imple 
ment hardWare execution of the tablesWitch and look 
upsWitch instructions themselves. 

[0030] It Will be appreciated by one of ordinary skill in the 
art having the bene?t of the instant disclosure, hoWever, that 
the hardWare-based sWitch instruction emulation discussed 
herein may be utiliZed to emulate sWitch instructions in 
other programming environments incorporating instruction 
sets capable of being executed at least partially in hardWare 
(i.e., Where at least a subset of the instructions from the 
instructions sets are capable of being directly executed by 
hardWare), including, for example, intermediate and/or plat 
form-independent instruction sets other than Java bytecodes. 
It Will also be appreciated by one of ordinary skill in the art 
having the bene?t of the instant disclosure that other Java 
instructions may be used to emulate sWitch instructions than 
that disclosed herein. Moreover, execution logic may be 
customiZed in other manners than that disclosed herein to 
support hardWare-based sWitch instruction emulation, or 
may not be customiZed at all to support hardWare-based 
sWitch instruction. Rather all the customiZed circuitry may 
be resident elseWhere in a hardWare design, e.g., in the 
instruction fetch and/or dispatch logic. 

[0031] Turning to the draWings, Wherein like numbers 
denote like parts throughout the several vieWs, FIG. 1 
illustrates a data processing system 10 incorporating hard 
Ware-based sWitch instruction emulation consistent With the 
invention. In the illustrated embodiment, data processing 
system 10 is implemented using a single integrated circuit 
device, or chip, including all of the components shoWn in 
FIG. 1, With the exception of the off-chip components 28. 
The integrated circuit device implements an embedded 
system-on-chip (SOC) environment. Within the circuit 
arrangement is a multi-processor arrangement including a 
master processor or CPU 12 implemented, for example, as 
a RISC processor core such as an ARM, MIPS or PoWerPC 
processor core. Processor 12 typically includes one or more 

levels of cache memory, e.g., a primary (L1) cache 14. A 
CPU bus 16 couples processor 12 via a bridge 18 to a system 
bus 20 including a number of components such as SRAM 
22, bus arbiter 24 and an external bus interface unit (EBIU) 
26 for use in coupling the system bus to one or more off-chip 
devices 28, e.g., DRAM, external buses, external devices, 
etc. 

[0032] CPU bus 16 also couples processor 12 via a bridge 
30 to a peripheral bus 32, e.g., to interface the processor With 
a number of application-speci?c cores such as video pro 
cessing cores 34, audio processing cores 36, and 12C core 
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38. System bus 20 is typically a high speed bus for per 
forming performance-critical operations, and is typically 
based upon the particular architecture of the processor 12. 
Peripheral bus 32, on the other hand, is typically a loWer 
speed bus, e.g., a VLSI peripheral bus (VBP) for use in 
accessing registers in the various cores coupled to the bus. 

[0033] HardWare-based Java acceleration is implemented 
via a Java accelerator circuit arrangement 40 including a 
memory management unit (MMU) 42 With a secondary (L2) 
cache 44, an interrupt controller 46 and one or more Java 
processor cores 48. Memory management unit 42 is coupled 
to system bus 20, and performs various data management 
activities With the memory, including managing Java 
objects, performing garbage collection, and managing 
memory accesses. MMU 42 may also handle conventional 
paging of memory to a sloWer, virtual memory system. 

[0034] Interrupt controller 46 implements hardWare-based 
interrupt processing, and is coupled to peripheral bus 32. 
Interrupt controller 46 generally operates by capturing inter 
rupts independent of any processor and handling the inter 
rupts if possible to minimiZe interruptions to the processors. 

[0035] Each Java processor core 48 is also coupled to 
peripheral bus 32, as Well as to MMU 42 via a direct high 
speed point-to-point connection. 

[0036] It Will be appreciated that the functionality imple 
mented in MMU 42 and interrupt controller 46 may be 
handled by conventional memory management and/or inter 
rupt devices, or partially or completely Within softWare in 
the other embodiments. Moreover, it Will be appreciated that 
any number of Java processor cores 48 may be utiliZed in 
various embodiments. Other system architectures and data 
processing environments may also be used, e.g., that shoWn 
in FIG. 7 (discussed in greater detail beloW). Moreover, 
additional devices may be disposed on the integrated circuit 
device incorporating CPU 12 and Java processors 48, e.g., 
embedded DRAM, other application-speci?c cores, etc. 
Moreover, the various components shoWn in FIG. 1 may be 
disposed on multiple integrated circuit devices in the alter 
native. 

[0037] Other modi?cations Will be apparent to one of 
ordinary skill in the art. 

[0038] HardWare-based sWitch instruction emulation con 
sistent With the invention is typically implemented in a 
circuit arrangement for a processor, coprocessor or other 
programmable integrated circuit device such as a system 
on-chip (SOC) device, and it should be appreciated that a 
Wide variety of programmable devices may utiliZe the 
various features disclosed herein. Moreover, as is Well 
knoWn in the art, integrated circuit devices are typically 
designed and fabricated using one or more computer data 
?les, referred to herein as hardWare de?nition programs, that 
de?ne the layout of the circuit arrangements on the devices. 
The programs are typically generated by a design tool and 
are subsequently used during manufacturing to create the 
layout masks that de?ne the circuit arrangements applied to 
a semiconductor Wafer. Typically, the programs are provided 
in a prede?ned format using a hardWare de?nition language 
(HDL) such as VHDL, verilog, EDIF, etc. While the inven 
tion has and hereinafter Will be described in the context of 
circuit arrangements implemented in fully functioning inte 
grated circuit devices and data processing systems utiliZing 
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such devices, those skilled in the art Will appreciate that 
circuit arrangements consistent With the invention are 
capable of being distributed as program products in a variety 
of forms, and that the invention applies equally regardless of 
the particular type of signal bearing media used to actually 
carry out the distribution. Examples of signal bearing media 
include but are not limited to recordable type media such as 
volatile and non-volatile memory devices, ?oppy disks, hard 
disk drives, CD-ROM’s , and DVD’s , among others and 
transmission type media such as digital and analog commu 
nications links. 

[0039] FIG. 2 illustrates each Java processor core 48 in 
greater detail. Interface With system memory is provided via 
a memory interface and arbiter block 60 coupled directly to 
the L2 cache of MMU 42 (FIG. 1). Instruction and data 
streams are respectively cached in an instruction cache 62 
and data cache 64 coupled to the memory interface and 
arbiter block 60. Instructions received into the instruction 
cache 62 are passed to an instruction fetch unit 66 Which 
feeds a multi-stage instruction queue 68 coupled to an 
instruction dispatch unit 70. 

[0040] Data maintained in data cache 64 is likeWise fed to 
a data queue 72 for use in connection With execution of the 
instructions queued in instruction queue 68. Moreover, to 
implement a Java execution environment, additional internal 
data for a Java Virtual Machine is stored in blocks 74, 76 and 
78, all of Which feed a second data queue 80. Block 74 stores 
the various stacks relied upon by a Java Virtual Machine, 
While block 76 stores a pool of constants. Block 78 stores 
local variables for a current method being executed by the 
Java processor (including a method address as Will be 
discussed beloW). 

[0041] It may be desirable in some applications to imple 
ment a stack in block 74 using a multi-port memory struc 
ture, so that multiple stack operations may be performed in 
a given cycle. For example, it may be desirable to support a 
4-port memory that permits four stack operations to occur in 
a particular cycle. Doing so facilitates the execution of 
multiple instructions per cycle. The implementation of a 
multi-port memory structure to support such functionality 
Would be Within the ability of one of ordinary skill in the art 
having the bene?t of the instant disclosure. 

[0042] Each of queues 72 and 80, as Well as instruction 
dispatch unit 70, feed an execution unit 82 that processes the 
instructions and associated data. Execution unit 82 is shoWn 
as a four stage execution unit including stages DEC, E0, E1 
and E2, although other execution unit con?gurations may be 
used in the alternative. 

[0043] As With a number of conventional architectures, 
execution unit 82 utiliZes an arithmetic logic unit (ALU) 84 
and a ?oating point unit (FPU) 86, each of Which Writes data 
back into data cache 64. In addition, a trace block 88 is 
coupled to execution unit 82 through a queue 87 to provide 
debugging capability for the circuit. Clocking and reset 
circuitry is illustrated in block 90, as is a register interface 
92 coupled to peripheral bus 32. Register interface block 92 
is also capable of outputting one or more interrupt signals 
that are detected and handled by interrupt controller 46 

(FIG. 1). 
[0044] FIG. 3 illustrates the instruction handling logic in 
Java processor 48 in greater detail. Speci?cally, instruction 
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fetch unit 66, as Well as the instruction queue 68, are broken 
out to illustrate the principal logic components that imple 
ment the instruction handling logic described herein. 

[0045] The instruction handling logic in Java processor 48 
generally maintains an N-stage queue 68 and uses look 
ahead combinational logic to ?nd sequences that can be 
optimiZed. In the illustrated embodiment, the queue is six 
stages in length. Each queue element Q0-Q5 includes a 
register arranged Within a bytecode lane 122, and Zero to 
eight registers arranged into a plurality of byte lanes 124 to 
store arguments or operands for use in executing the instruc 
tions passed through bytecode lane 122. A pair of ping pong 
buffers 100, 102 are continually ?lled from the instruction 
cache unit (ICU) 62 so that, as one buffer 100, 102 is being 
parsed by a bytecode parser 104, another buffer 100, 102 is 
being ?lled. 

[0046] Bytecode parser 104 looks at pairs of instructions 
and does a lookup from a decode microcode 108 including 
a pair of identical ROM’s 110. By providing a pair of 
ROM’s 110 containing decode microcode, bytecode parser 
104 is capable of concurrently identifying and placing tWo 
instructions in queue 66 at a time. The bytecode lane 122 and 
bytelanes 124 of queue 68 output to instruction dispatch unit 
or logic 70 for dispatch to the execution unit or logic (not 
shoWn in FIG. 3). 

[0047] Each buffer 100, 102 is typically 128 bits (4 32-bit 
Words) in length, and equal to the cache line Width of 
instruction cache 62, although other siZes may be used in the 
alternative. Further, instruction queue 68 is six stages in 
length, and 9 bytes in Width, although other lengths and/or 
Widths may be used in the alternative. Queue 68 is desirably 
long enough to enable some degree of look-ahead and 
look-behind processing in the instruction stream, e.g., by 
look-ahead logic 126, Which includes a plurality of logic 
blocks 128 coupled to various stages of the queue. 

[0048] Moreover, each ROM 110 typically includes 
decode signals used to assist in selectively routing appro 
priate data associated With a bytecode instruction to a 
bytelane for use by the execution unit When executing a 
bytecode instruction (e.g., 256 8-bit entries, one for each 
bytecode). As an example, parsing of an iload instruction 
may result in the generation of a decode signal to route the 
byte folloWing the bytecode instruction (the index value 
expected by the execution unit) to bytelane 0 in the instruc 
tion queue. Microcode instructions may be stored in logic 
other than a ROM (e.g., a PLA or register), and may not need 
to be duplicated in other embodiments. HoWever, by pro 
viding duplicate lookup, bytecode parser 104 is able to 
process multiple instructions in a clock cycle to prevent the 
execution logic from becoming starved due to insuf?cient 
instruction data in the queue. 

[0049] Bytecode parser 104 may include various func 
tional blocks to provide various performance enhancements 
over basic instruction decoding. For example, a Wide builder 
block 112 may be used to process Java Wide bytecodes to 
extend local variable indexes With additional bytes. Like 
Wise, a branch detect block 114 may be used to provide 
branch prediction capabilities, and bytelane sorter block 116 
may be used to interpret the decode logic to route appro 
priate data to the various bytelanes, Which can substantially 
simplify the execution logic based upon the knoWn routing 
of data for particular bytecodes. 
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[0050] In addition, to perform hardWare-based switch 
instruction emulation, a switch builder block 118 is provided 
in bytecode parser to detect and handle the “jump” class of 
Java bytecode instructions, representing the various sWitch 
type instructions supported by the Java environment (e.g., 
lookupsWitch and tablesWitch). Among other data, block 
104 receives a method address variable 120 from the stored 
local variables 78 to provide a base address from Which 
target addresses may be generated by a processed sWitch 
instruction. 

[0051] Prior to discussing hardWare-based sWitch instruc 
tion emulation in block 118, hoWever, a brief discussion of 
Wide builder block 112 and look-ahead logic 126 is pro 
vided. 

Wide Builder 

[0052] The Java Wide bytecode extends a local variable 
index With additional bytes. To accelerate processing of this 
type of instruction, block 112 may be used to specially 
handle these instructions so that, When a Wide bytecode is 
encountered, the instruction Will be pre-processed before 
placing it in the queue. There are tWo instruction formats for 
the Wide bytecode: 

[0053] Format 1: Wide, <opcode>, indexbyte1, indexbyte 
2; Where <opcode> is any of: iload, ?oad, aload, lload, 
dload, istore, fstore, astore, lstore, destore, or ret. 

[0054] Format 2: Wide, iinc, indexbyte1, indexbyte 2, 
constbytel, constibyte 2. 

[0055] In general, the Wide bytecode modi?es the byte 
code that immediately folloWs it by extending the modi?ed 
bytecode’s unsigned 8-bit local variable index to an 
unsigned 16-bit index. If the bytecode folloWing Wide is 
iinc, both the iinc bytecode’s local variable index and its 
increment are extended by an extra byte. 

[0056] To accelerate processing of a Wide bytecode-modi 
?ed instruction, block 112 may be con?gured to ?ll the 
bytelanes With the extended data, and then notify the execu 
tion logic that the bytecode is Wide-modi?ed (e.g., via a 
“Wide” bit, or via a unique bytecode). The execution logic 
Would then only need be modi?ed to process the instruction 
using the extended data, a minimal customiZation from the 
execution logic for a non-Wide-modi?ed instance of the 
instruction. 

[0057] Thus, for example, to an instruction stream includ 
ing a Wide instruction folloWed by an iinc instruction, block 
112 may be con?gured to combine the Wide and iinc 
instructions into a neW bytecode: iinc_mod, Which has the 
same value as iinc but the decode microcode that re?ects the 
modi?cation. Block 112 Would place the iinc bytecode value 
of 0x84 in the bytecode lane and notify the bytelane sorter 
116 to place 4 operands into bytelanes 0-3 of the queue. In 
addition, a Wide bit may be set to notify the execution logic 
of the presence of Wide data in the bytelanes. Through 
suitable con?guration of the execution logic, detection of 
assertion of the “Wide” bit in connection With the 0x84 
bytecode Would trigger processing the bytecode as a Wide 
instruction. 

[0058] As another example, to process a Wide bytecode 
folloWed by an iload bytecode, block 112 may be con?gured 
to combine the Wide and iload instructions into a neW 
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bytecode: iload_mod, Which has the same value as iload but 
decode microcode that re?ects the modi?cation. Block 112 
Would place the iload bytecode value of 0x15 in the byte 
code lane and notify the bytelane sorter 116 to place tWo 
operands into bytelanes 0-1 of the queue. In addition, a Wide 
bit may be set to notify the execution logic of the presence 
of Wide data in the bytelanes. Through suitable con?guration 
of the execution logic, detection of assertion of the “Wide” 
bit in connection With the 0x15 bytecode Would trigger 
processing the bytecode as a Wide instruction. 

[0059] Other Wide-modi?ed bytecodes Would be pro 
cessed in a similar manner, and the modi?cations to execu 
tion logic to support such functionality Would be understood 
by one of ordinary skill in the art having the bene?t of the 
instant disclosure. In addition, Wide bytecode preprocessing 
may not be used in some embodiments. 

Look-ahead Logic 
[0060] Instruction fetch unit or logic 66 may also include 
look-ahead logic 126 that examines the instruction queue 68 
and determines if stack operations or ALU operations may 
be optimiZed, and/or if instructions have resource con 
straints. This often enables the execution unit to execute 
more than one instruction at a time, i.e., superscalar opera 
tion. 

[0061] Superscalar operation requires the presence of at 
least tWo instructions in the queue. If superscalar operation 
takes place, it occurs via the passage of a second instruction 
from the instruction queue through decode and dispatched to 
the execution logic. Thus, one purpose of the look ahead 
logic is to look for stack optimiZations, ALU optimiZations 
and resource constraints and report these to the instruction 
dispatch unit 70. 

[0062] Stack Operation OptimiZation 
[0063] A stack may be con?gured to handle 4 Word 
operations per cycle. All instructions that use the stack may 
therefore be examined by the look ahead logic and combined 
When possible to maximiZe stack usage. 

[0064] For example, multiple stack operations may be 
combined into a larger instruction. Take, for example, a 
bytecode stream including four signed integer pushes: 
SIPUSH 0x0003, SIPUSH 0x0002, SIPUSH 0x0001, and 
SIPUSH 0x000. Instead of processing these instructions in 
four sequential cycles, the look-ahead logic may be con?g 
ured to combine these instructions into a single PUSH 
instruction, e.g., PUSH 0x00000000 0x00000001 
0x00000002 0x00000003, With the bytelanes 0-7 ?lled With 
the appropriate values to push. Through customiZation of the 
execution logic, and through provision of a decode signal 
that identi?es the number of values to push, the execution 
logic may be con?gured to push up to four values onto the 
stack Within the same clock cycle. As a result, a substantial 
performance improvement may be obtained. 

[0065] As another example, stack operations may be com 
bined With other related bytecodes for concurrent execution. 
Take, for example, a bytecode stream including the byte 
codes: SIPUSH 0x0000, SIPUSH 0x0001, SIPUSH 0x0002, 
and AASTORE, Which Would normally be executed in four 
cycles. Detection of this combination of instructions by the 
look-ahead logic may result in the generation of a neW 
extended instruction for processing by the execution logic, 
e.g.: 

AASTORE 0x00000002 0x00000001 0x00000000, 
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[0066] Which could be executed by suitable execution 
logic Within a single cycle. For example, the execution logic 
may be con?gured to bypass the stack and operate directly 
on the three operands in the extended AASTORE instruc 
tion, thus handling the instructions in a single cycle. 

[0067] As yet another example, stack operations may be 
combined With other, unrelated instructions. Consider, for 
example, a bytecode stream including a Double to Long 
(D2) bytecode and tWo pushes: D2, BIPUSH 0x0001, and 
BIPUSH 0x0000, Which Would normally execute in six 
cycles. Detection of this combination of instructions by the 
look-ahead logic may result in the generation of a neW 
instruction for processing by the execution logic, e.g.: 

DZPUSH 0x00000000 0x00000001, 

[0068] Which could be executed in tWo cycles using 
suitable execution logic. In a ?rst cycle, the tWo values for 
the D2bytecode Would be popped from the stack. Then, in 
the second cycle, the values Would be converted and pushed 
onto the stack along With the tWo arguments for the push 
bytecodes. 
[0069] ALU Operation OptimiZation 
[0070] The ALU may include duplicate functionality to 
handle multiple Words (e.g., up to four Words) at a time for 
one or tWo operations. It may be desirable, for example, to 
con?gure the ALU to perform tWo operations on integers or 
one operation on a double or ?oat. The look-ahead logic may 
therefore be con?gured to determine if bytecodes can be 
combined to maximiZe ALU usage. 

[0071] Consider, for example, a bytecode stream for tWo 
integer adds: 

IADD 
IADD 

(TWO pops, tWo’s complement add, one push) 
(TWO pops, tWo’s complement add, one push) 

3 + n cycles 
3 + n cycles 

Stack pushes/no change 
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[0072] Where n is the number of cycles required to 
perform the arithmetic operation. 

[0073] To accelerate processing of these instructions, the 
look-ahead logic may be con?gured to generate the folloW 
ing instructions for dispatch to the execution unit: 

POP val1 val2 val3 val4 
IADD val1 val2 val3 val4 

(pop all four at once in 1 cycle) 
(send tWo sets of integers to ALU in n 
cycles) 
(push both results in 1 cycle) PUSH resultl result2 

[0074] Through suitable con?guration of the execution 
logic, the time to execute this stream of instructions may be 
reduced from 6+2*n cycles to 2+n cycles. Both ADD 
operations Would be done in parallel, so they Would take a 
total of n cycles. 

[0075] Resource Constraints OptimiZation 

[0076] In order for instructions to go superscalar (execut 
ing With another) they must not interfere With one another. 
Access to various resources like the data cache memory or 

the local variable memory Will limit certain combinations of 
instructions executing together. Intensive use of an instruc 
tion stack unit (ISU) may also prevent an instruction from 
going superscalar. Based on the look-ahead logic assessment 
of What is in the queue, the instruction dispatch logic may be 
required to decide When instructions may go superscalar 
according to certain dependency rules. Table I, for example, 
shoWs the categories of instructions (based on resources 
used) that typically can be executed With other instructions 
in the Java programming environment: 

TABLE I 

Instruction Conflict Categories 

Stack 

Stack pushes and pops (no FP) pushes and pops (FP) 

aconstinull 
iconstiml 
iconstiO 
iconstil 
inconstfZ 
iconsti3 
inconsti4 
lconst 

fconst 
dconst 

bipush pop pop2 dup fadd dadd 
sipush sWap irem ifge fsub dsub 
go to dupixl iadd dne g frem 
jsr ladd drem fneg 
gotoiW ificomple i?t fdiv frnul 
j SI‘iW irem dmul ddiv 

lsub ineg 12f i2f 

lne g imul ishl f2d d2f 
lmul ishr lshr fcmp g fcmpl 
iushr lushr dcmpl dcmp g 
iand 
land ior lor 

ixor lxor i21 

ifiicmpeq ifiacmpeq 
ifiicmpne ifiacmp ne 
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[0077] For instructions involving stack pushes or no 
change, no read access to the data cache memory, local 
variable memory, constant pool or stack is required. Some 
push a value onto the stack or do not change the stack at all, 
and there typically are no dependency rules for these instruc 
tions. HoWever, such instructions may be subject to super 
scalar lockout (discussed beloW). Also, While the nop 
instruction does not affect the stack, the nop is typically 
treated separately, and is not alloWed to go superscalar since 
it is typically deliberately used to place a space betWeen 
instructions. 

[0078] For instructions that incorporate stack pushes and 
pops and do not require the use of the ?oating point (FP) 
logic unit, read access is typically not required to the data 
cache memory, local variable memory or constant pool, 
although read (pop) access may be required to the stack. 
Therefore, these instructions are dependent on a concur 
rently executing instruction. The dependency rule for these 
instructions is therefore to execute only if data dependency 
does not interfere in the older instruction’s push to the stack. 

[0079] For instructions that incorporate stack pushes and 
pops and also require the use of the ?oating point (FP) logic 
unit, these instructions also do not require read access to the 
data cache memory, local variable memory or constant pool, 
but they do require read access (pop) to the stack and are 
governed by the same general rule as above for those 
instructions that don’t use the FP unit. Since the illustrated 
implementation only uses a single FP unit, hoWever, these 
instructions are further constrained by a second dependency 
rule to execute only if the older instruction does not require 
?oating point. 

[0080] Superscalar Lockout 

[0081] In addition to the aforementioned look-ahead logic 
rules, all instructions may also be subject to superscaler 
lockout rules, Which may be as folloWs: 

[0082] 1. No instructions may go supersclaer if a halt 
causing instruction is in the execution (E2) stage. 

[0083] 2. No instruction may go superscalar if a debug 
(DBG) bit is on in a control register. This permits real-time 
debuggers to turn off superscalar operations if desired. 

[0084] 3. No instruction may go superscalar if a stack 
intensive instruction is in decode (DEC) stage. Examples of 
stack intensive instructions are: dup_x2, dup2_x1, dup2 and 
dup2_x2. Typically, all four ISU ports Will be needed to 
execute these instructions in three stages. 

[0085] 4. No instruction may go superscalar if a nop 
instruction is in decode stage. 

[0086] It Will be appreciated that implementation of the 
aforementioned look-ahead rules Would be Well Within the 
abilities of one of ordinary skill in the art having the bene?t 
of the instant disclosure. Moreover, implementation of any 
or all of such rules may be omitted in some embodiments, 
and additional rules may be implemented in still other 
embodiments. Other modi?cations Will be apparent to one of 
ordinary skill in the art having the bene?t of the instant 
disclosure. 

[0087] SWitch Builder 

[0088] The Java “jump” bytecode class includes tWo 
sWitch bytecodes: lookupsWitch and tablesWitch. Both 
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instructions are considered complex because the number of 
operands Will vary and this number is only knoWn at 
runtime. SWitch builder block 118 is required to utiliZe this 
number to pre-process the instructions on the ?y as they are 
read in by the instruction fetch logic. The instruction formats 
for the tWo sWitch bytecodes are shoWn in Tables II and mi 
beloW: 

TABLE II 

LookupsWitch Instruction Format 

OxAB LookupsWitch bytecode 
<O-3 byte pad> O-3 byte pad to Word-align operands With 

method start address 
32-bit signed default address offset 
32-bit signed count of number N of tests 
embedded in lookupsWitch bytecode 
15‘ pair 32-bit match integer 
15‘ pair 32-bit signed address offset 
2nd pair 32-bit match integer 
2nd pair 32-bit signed address offset 

default bytes 1-4 
npairs 1-4 

matchl bytes 1-4 
offsetl bytes 1-4 
match2 bytes 1-4 
offset2 bytes 1-4 
a‘ 

* 

matchN bytes 1-4 
offsetN bytes 1-4 

N‘h pair 32-bit match integer 
N‘h pair 32-bit signed address offset 

[0089] 

TABLE III 

TablesWitch Instruction Format 

OxAA TablesWitch bytecode 
<O-3 byte pad> 0-3 byte pad to Word-align operands With 

method start address 
default bytes 1-4 32-bit signed default address offset 
lOW bytes 1-4 32-bit signed start value of test range embedded 

in tablesWitch bytecode 
high bytes 1-4 32-bit signed end value of test range embedded 

in tablesWitch bytecode 
1“ 32-bit signed address offset, total number of 
offsets = high — lOW + 1 

2nd 32-bit signed address offset 

offsetl bytes 1-4 

offset2 bytes 1-4 
a‘ 

* 

[0090] For each type of instruction, prior to execution of 
the instruction, a key value is pushed onto the top of the 
stack. In the case of a lookupsWitch instruction, the key 
value is compared against each match value, and if the key 
matches a match value, the associated offset is used to 
generate a target address to branch to. In the case of a 
tablesWitch instruction, the key value is compared against 
each match value betWeen the high and loW values, inclu 
sive, and if the key matches a match value, the associated 
offset is used to generate a target address to branch to. If no 
match is found in either instruction, the default offset is used 
to generate the target address. After execution of either 
instruction, the key value is removed from the stack. 

[0091] A notable characteristic of each type of instruction 
is that each varies in siZe. An instruction that varies in siZe 
typically presents a problem to a hardWare processor, as 
instructions that are the same siZe typically yield the most 
ef?cient processor pipeline designs. Both the instruction 
queue and the execution logic of a processor typically expect 
instructions to have a ?nite range of operands. 
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[0092] Therefore, consistent With the invention, the sWitch 
builder block 118 of FIG. 3 pre-processes such sWitch 
instructions by generating a plurality of smaller, less com 
plex, and ?xed siZe bytecodes that Will perform the same 
function. For example, in the illustrated embodiment, ifeq 
and dup instructions are used to emulate a sWitch instruction 
as a series of conditional branches, With a goto_W instruction 
used to represent a default branch for the sWitch instruction. 

[0093] A conventional ifeq instruction operates by pop 
ping the top value off the stack, and using that value as an 
argument in a test condition that compares the argument to 
Zero. As Will be discussed beloW, the herein-described 
execution logic may be customiZed to compare the argument 
to a value stored in the bytelanes instead of Zero. If the 
argument matches the value (or Zero, in the case of a 
conventional ifeq instruction), a branch is taken to a target 
address generated from an offset value associated With the 
instruction (Which is typically summed With the address of 
the ifeq instruction to generate the target address). Other 
Wise, execution proceeds to the next sequential instruction in 
the instruction stream. 

[0094] A dup instruction operates by pushing onto the 
stack another copy of the top value of the stack, thus 
effectively duplicating the top value on the stack. A goto_W 
instruction is an unconditional branch instruction that 
branches to a target address calculated from an offset value 
associated With the instruction. 

[0095] For N tests de?ned by a sWitch instruction, the 
instruction fetch logic generates, in order: 

[0096] 1. The sWitch instruction bytecode With the siZe of 
the instruction in the original instruction stream as the 
argument. 

[0097] 2. An interleaved sequence of N-1 pairs of dup and 
ifeq bytecodes, With each ifeq bytecode including as one 
argument the match value for one of the tests, and as another 
argument the offset value associated With that match value. 

[0098] 3. An additional ifeq bytecode, including the match 
value and offset value for the last test de?ned by the sWitch 
instruction. 

[0099] 4. A goto_W bytecode including an unconditional 
branch to the default address. 

[0100] Block 118 typically implements sWitch instruction 
handling logic via a state machine or other logic that 
processes a sWitch instruction detected by the bytecode 
parser. Once the parser has identi?ed a bytecode as a 
lookupsWitch or tablesWitch instruction, the state machine in 
the sWitch builder is noti?ed. FIG. 4 illustrates an exem 
plary state diagram 140 suitable for use by block 118. 

[0101] State machine 140 may include ?ve states: 

[0102] IDLE STATE 142: This state is initialiZed at system 
reset (e.g., via assertion of the !NRESET signal). State 
machine 140 may be kept in the IDLE state until a 
SWITCH_FOUND signal from the parser is activated (e.g., 
in response to detecting the lookupsWitch (0><AB) or 
tablesWitch (0><AA) bytecode). 

[0103] PAD STATE 144: If this is a lookupsWitch byte 
code, this state uses the method address 120 to ?nd the 32-bit 
default address and the 32-bit npairs signed count values and 
saves these in tWo scratch registers (not shoWn). If it is a 
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tablesWitch bytecode, the default address and loW and high 
values are saved in three scratch registers. The default 
address must be found since a 0-3 byte pad is typically 
inserted betWeen the bytecode and the operands of a 
tablesWitch or lookupsWitch instruction to align the oper 
ands on a Word boundary. In addition, a COUNT variable is 
initialiZed in another register (not shoWn) based upon the 
number of conditional branches that need to be generated. 

[0104] PP STATE 146: This state generates the sWitch 
bytecode (0><AB for lookupsWitch and 0><AA for 
tablesWitch) With one argument containing the length of the 
instruction, and inserts the instruction in the instruction 
queue. 

[0105] The operand is the number of bytes folloWing the 
original lookupsWitch bytecode. This is used by the execu 
tion unit to update the PC counter. 

[0106] GEN STATE 148: This state generates N condi 
tional branch instructions (e.g., ifeq instructions) based on 
the value of a COUNT variable and the type of sWitch 
bytecode being a lookupsWitch or a tablesWitch. Each 
branch bytecode is folloWed by a corresponding 32-bit 
match value and 32-bit offset value in byte lanes 0-7. 
Moreover, N-1 dup instructions are generated and placed in 
front of the ?rst N-1 conditional branch instructions. All 
generated instructions are inserted into the instruction 
queue, and the COUNT variable is decremented each cycle, 
until a Zero value is reached. 

[0107] DEFAULT STATE 150: This state generates a 
single bytecode (goto_W) With the four byte lanes containing 
the 32-bit default address, upon decrementing of the 
COUNT variable to Zero. This instruction is inserted into the 
queue, and control is returned to the IDLE state. 

[0108] The instructions generated by block 118 and placed 
in the instruction queue Will be executed later by the 
execution unit. Generally, the execution unit employs hard 
Ware execution logic for implementing part or all of the Java 
bytecode instruction set in a similar manner to a softWare 
based Java Virtual Machine, With a feW notable exceptions. 
For example, the execution logic supports the use of the 
bytelanes ?lled by the instruction fetch unit, e.g., so that 
combined instructions Will be executed concurrently and/or 
?lled operands Will be used instead of stack operations. 
Moreover, for the purpose of supporting the herein-de 
scribed sWitch instruction handling functionality, the execu 
tion logic supports speci?c functionality for handling the 
ifeq, lookupsWitch, and tablesWitch bytecodes. 

[0109] For the ifeq bytecode, the conventional Java 
instruction set typically limits this instruction to a compare 
against Zero. In the illustrated embodiment, hoWever, the 
execution logic is con?gured to retrieve a 32-bit compare 
value from the ?rst four byte lanes associated With the ifeq 
instruction. For conventional ifeq instructions, a value of 
Zero is placed in the ?rst four byte lanes by the instruction 
fetch logic. The conditional branch implemented by the ifeq 
instruction is then used to pop the top value from the stack 
and compare that value to the immediate value stored in the 
?rst four bytelanes. 

[0110] In addition, for the sWitch instruction bytecodes 
(lookupsWitch and tablesWitch) the program counter (PC) 
Will have the value of the address of the sWitch instruction, 
so the execution logic is con?gured to use the address of the 
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lookupsWitch or tablesWitch instruction to calculate the 
target address for each branch instruction that follows. 
Moreover, the execution logic is typically con?gured to use 
the argument of the sWitch instruction to increment the PC 
once the entire emulated sWitch instruction sequence has 
been executed. In addition, since the instruction fetch logic 
generates one or more dup instructions to duplicate the top 
value on the stack, the execution logic is con?gured to pop 
the top value off the stack after executing Whatever branch 
that occurs as a result of the sWitch operation, be it a default 
branch or a branch due to a match. 

[0111] As a further illustration of the operation of the 
herein-described sWitch instruction handling functionality, 
FIGS. 5 and 6 respectively illustrate the sequences of 
bytecodes generated in the emulation of exemplary look 
upsWitch and tablesWitch instructions. 

[0112] Various modi?cations may be made to the illus 
trated embodiments Without departing from the spirit and 
scope of the invention. For example, various alternate byte 
code sequences may be generated to emulate a sWitch 
instruction consistent With the invention. Different combi 
nations of ifeq, dup and goto_W instructions may be used to 
emulate a Java sWitch instruction consistent With the inven 
tion. Also, rather than ifeq instructions, other conditional 
branch instructions such as if_icmpeq instructions (typically 
incorporating additional push instructions, or customiZed 
handling in the execution logic), or combinations of instruc 
tions, may be used to perform conditional branches. Further, 
stack manipulation instructions other than dup instructions 
may be used to maintain suf?cient copies of the key value on 
the stack. Moreover, the execution logic may be con?gured 
to handle operations such as updating the PC, calculating 
branch target addresses, popping or pushing from or to the 
stack, retrieving arguments, etc., in other manners than that 
described herein. For example, the execution logic might be 
capable of saving a key value responsive to a sWitch 
bytecode, and using that value in all subsequent conditional 
branch instructions Without having to modify the stack, 
Which could potentially eliminate the need for dup instruc 
tions or other stack manipulation operations. 

[0113] Furthermore, the herein-described functionality 
may be used in other data processing environments consis 
tent With the invention. For example, FIG. 7 illustrates an 
alternate data processing system 10‘ including many of the 
same components as data processing system 10 of FIG. 1, 
but including an alternate Java accelerator 40‘ that is directly 
interposed betWeen the master processor 12‘ and CPU bus 
16. In this implementation, a memory management unit 
(MMU) 42‘ implements a direct point-to-point interconnec 
tion With the processor, and thus handles memory accesses 
to the system bus 20 and peripheral bus 32 for all processors 
12‘, 48 in the system. As a result, relatively high clock 
speeds are possible, and for system bus transactions not 
involving the L2 cache 44, the L2 cache controller Will 
simply pass data through to the sloWer system bus. HoWever, 
in this con?guration, the master and Java processors 12‘ and 
48 both have high speed access to Java objects stored in the 
L2 cache 44 Within the MMU 42‘. 

[0114] Other modi?cations may be made to the illustrated 
embodiments Without departing from the spirit and scope of 
the invention. Therefore, the invention lies in the claims 
hereinafter appended. 
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What is claimed is: 
1. A circuit arrangement, comprising: 

(a) execution logic con?gured to execute a plurality of 
instructions de?ned by an instruction set, the instruc 
tion set de?ning at least one conditional branch instruc 
tion and at least one sWitch instruction, Wherein the 
execution logic is con?gured to execute the conditional 
branch instruction; 

(b) instruction fetch logic con?gured to fetch instructions 
de?ned by the instruction set for execution by the 
execution logic; and 

(c) sWitch instruction handling logic con?gured to process 
a sWitch instruction fetched by the instruction fetch 
logic by generating a plurality of conditional branch 
instructions for execution by the execution logic to 
emulate the fetched sWitch instruction. 

2. The circuit arrangement of claim 1, Wherein the fetched 
sWitch instruction is con?gured to test a key value stored on 
a stack, Wherein the conditional branch instruction is asso 
ciated With a test condition that relies on at least one 
argument stored on the stack, Wherein the execution logic is 
con?gured to execute the conditional branch instruction by 
popping the argument off the stack and applying the test 
condition to the argument, and Wherein the sWitch instruc 
tion handling logic is con?gured to generate at least one 
stack manipulation instruction de?ned by the instruction set 
for execution by the execution logic to duplicate the key 
value on the stack based upon the number of conditional 
branch instructions generated by the sWitch instruction han 
dling logic to emulate the fetched sWitch instruction. 

3. The circuit arrangement of claim 2, Wherein the fetched 
sWitch instruction de?nes N tests, and Wherein the sWitch 
instruction handling logic is con?gured to generate N con 
ditional branch instructions and N-l stack manipulation 
instructions to emulate the fetched sWitch instruction. 

4. The circuit arrangement of claim 3, Wherein each 
conditional branch instruction comprises a Java ifeq instruc 
tion, and Wherein each stack manipulation instruction com 
prises a Java dup instruction. 

5. The circuit arrangement of claim 4, further comprising 
an instruction queue including a bytecode lane and a plu 
rality of bytelanes, Wherein the sWitch instruction handling 
logic is con?gured to forWard each ifeq instruction to the 
bytecode lane of the instruction queue, and to associate a 
match value With each ifeq instruction by forWarding the 
match value to at least one bytelane, and Wherein the 
execution logic is con?gured to execute each ifeq instruction 
by comparing a value popped from the stack for equality 
With the match value associated thereWith. 

6. The circuit arrangement of claim 3, Wherein the sWitch 
instruction handling logic is further con?gured to generate a 
sWitch instruction bytecode for execution by the execution 
logic, the sWitch instruction bytecode having associated 
thereWith an instruction siZe value associated With the siZe 
of the fetched sWitch instruction, and Wherein the execution 
logic is con?gured to process the sWitch instruction byte 
code by updating a program counter based upon the instruc 
tion siZe value associated With the sWitch instruction byte 
code. 

7. The circuit arrangement of claim 3, Wherein the execu 
tion logic is further con?gured to pop a remaining copy of 
the key value off of the stack prior to completing emulation 
of the fetched sWitch instruction. 



US 2002/0184479 A1 

8. The circuit arrangement of claim 1, Wherein the fetched 
sWitch instruction further de?nes a default branch address, 
and Wherein the sWitch instruction handling logic is further 
con?gured to generate an unconditional branch instruction 
to be executed if none of the conditional branch instructions 
are taken during execution. 

9. The circuit arrangement of claim 1, Wherein the fetched 
sWitch instruction comprises a Java tablesWitch instruction 
that speci?es a range of match values bounded by a loW 
value L and a high value H, the Java tablesWitch instruction 
further specifying (H—L+1) branch offset values, each asso 
ciated With a match value from the range of match values, 
and Wherein the sWitch instruction handling logic is con?g 
ured to generate (H—L+1) conditional branch instructions, 
each conditional branch instruction con?gured to compare a 
key value against an associated rnatch value, and in response 
to a match to branch to a target address generated using the 
associated offset value. 

10. The circuit arrangement of claim 1, Wherein the 
fetched sWitch instruction comprises a Java lookupsWitch 
instruction that speci?es N rnatch offset pairs, each match 
offset pair specifying a match values and an associated offset 
value, and Wherein the sWitch instruction handling logic is 
con?gured to generate N conditional branch instructions, 
each associated With a match offset pair, and each con?gured 
to compare a key value against an associated rnatch value, 
and in response to a match to branch to a target address 
generated using the associated offset value. 

11. An integrated circuit device comprising the circuit 
arrangement of claim 1. 

12. A data processing system comprising the circuit 
arrangement of claim 1. 

13. Aprograrn product, comprising a hardWare de?nition 
program that de?nes the circuit arrangement of claim 1; and 
a signal bearing rnedia bearing the hardWare de?nition 
program. 

14. The program product of claim 13, Wherein the signal 
bearing rnedia includes at least one of a transmission type 
media and a recordable media. 

15. A method of accelerating execution of a sWitch 
instruction by a hardWare circuit arrangement, the sWitch 
instruction de?ned by an instruction set that further de?nes 
at least one conditional branch instruction, and the circuit 
arrangernent including hardWare execution logic con?gured 
to execute the conditional branch instruction, the method 
comprising: 

(a) fetching a sWitch instruction from an instruction 
stream; and 

(b) emulating the fetched sWitch instruction by generating 
a plurality of conditional branch instructions and 
executing the plurality of conditional branch instruc 
tions using the hardWare execution logic. 

16. The method of claim 15, Wherein the fetched sWitch 
instruction is con?gured to test a key value stored on a stack, 
Wherein the conditional branch instruction is associated With 
a test condition that relies on at least one argument stored on 
the stack, Wherein executing a conditional branch instruction 
includes popping the argument off the stack and applying the 
test condition to the argument, and Wherein emulating the 
fetched sWitch instruction further comprises generating and 
executing With the hardWare execution logic at least one 
stack rnanipulation instruction de?ned by the instruction set 
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to duplicate the key value on the stack based upon the 
number of generated conditional branch instructions. 

17. The method of claim 16, Wherein the fetched sWitch 
instruction de?nes N tests, and Wherein emulating the 
fetched sWitch instruction includes generating N conditional 
branch instructions and N-1 stack rnanipulation instructions. 

18. The method of claim 17, Wherein each conditional 
branch instruction comprises a Java ifeq instruction, and 
Wherein each stack rnanipulation instruction comprises a 
Java dup instruction. 

19. The method of claim 18, Wherein the hardWare circuit 
arrangernent further includes an instruction queue including 
a bytecode lane and a plurality of bytelanes, Wherein ernu 
lating the fetched sWitch instruction further includes: 

(a) forWarding each ifeq instruction to the bytecode lane 
of the instruction queue, and associating a match value 
With each ifeq instruction by forWarding the match 
value to at least one bytelane; and 

(b) executing each ifeq instruction by comparing a value 
popped from the stack for equality With the match value 
associated thereWith. 

20. The method of claim 17, Wherein emulating the 
fetched sWitch instruction further includes: 

(a) generating a sWitch instruction bytecode having asso 
ciated thereWith an instruction siZe value associated 
With the siZe of the fetched sWitch instruction; 

(b) processing the sWitch instruction bytecode With the 
hardWare execution logic by updating a program 
counter based upon the instruction siZe value associated 
With the sWitch instruction bytecode; 

(c) popping a remaining copy of the key value off of the 
stack prior to completing emulation of the fetched 
sWitch instruction; and 

(d) generating an unconditional branch instruction to be 
executed if none of the conditional branch instructions 
are taken during execution, the unconditional branch 
instruction including a default branch address derived 
from the fetched sWitch instruction. 

21. The method of claim 15, Wherein the fetched sWitch 
instruction comprises a Java tablesWitch instruction that 
speci?es a range of match values bounded by a loW value L 
and a high value H, the Java tablesWitch instruction further 
specifying (H—L+1) branch offset values, each associated 
With a match value from the range of match values, and 
Wherein emulating the fetched sWitch instruction includes 
generating (H—L+1) conditional branch instructions, each 
conditional branch instruction con?gured to compare a key 
value against an associated rnatch value, and in response to 
a match to branch to a target address generated using the 
associated offset value. 

22. The method of claim 15, Wherein the fetched sWitch 
instruction comprises a Java lookupsWitch instruction that 
speci?es N rnatch offset pairs, each match offset pair speci 
fying a match values and an associated offset value, and 
Wherein emulating the fetched sWitch instruction includes 
generating N conditional branch instructions, each associ 
ated With a match offset pair, and each con?gured to 
compare a key value against an associated rnatch value, and 
in response to a match to branch to a target address generated 
using the associated offset value. 
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23. A circuit arrangement, comprising: 

(a) execution logic con?gured to execute a plurality of 
Java bytecodes de?ned by the Java instruction set, 
including an ifeq instruction, a dup instruction and a 
goto_W instruction; 

(b) instruction fetch logic con?gured to fetch a Java 
sWitch instruction selected from the group consisting of 
a Java lookupsWitch instruction and a Java tablesWitch 
instruction for execution by the execution logic; and 

(c) sWitch instruction handling logic con?gured to ernu 
late the fetched sWitch instruction by generating a 
combination of ifeq, dup and goto_W instructions for 
execution by the execution logic. 
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24. A method of accelerating execution of a Java sWitch 
instruction selected from the group consisting of a Java 
tablesWitch instruction and a Java lookupsWitch instruction, 
the method comprising: 

(a) fetching the Java sWitch instruction; 
(b) generating a combination of Java ifeq, dup and goto_W 

instructions that emulate the Java sWitch instruction; 
and 

(c) ernulating execution of the Java sWitch instruction by 
executing the combination of Java ifeq, dup and 
goto_W instructions using hardWare execution logic 
con?gured to execute the ifeq, dup, and goto_W instruc 
tions. 


